Objective: Glucocorticoids are known to decrease protein synthesis and conduction velocity of muscle fibers. However, the degree of impairment of muscle protein synthesis and conduction slowing in patients with Cushing's disease remains poorly characterized. Our objective was to investigate whether and to what extent chronic endogenous hypercortisolism could decrease the circulating levels of muscle proteins and modify myoelectric indexes of sarcolemmal excitability and fatigability. Design: A total of ten patients with Cushing's disease and 30 healthy controls matched for age, sex, and body mass index were compared. Methods: Blood sampling and electrophysiological tests on vastus lateralis, vastus medialis, and tibialis anterior muscles were performed. Results: Serum creatine kinase (CK) and plasma myoglobin were significantly lower in patients with respect to controls (P!0.001 and P!0.05 respectively): the mean relative difference between patients and controls was 48.9% for CK and 21.4% for myoglobin. Muscle fiber conduction velocity (MFCV) and myoelectric manifestations of fatigue were significantly decreased in all muscles of the patients with respect to controls. The mean relative difference in MFCV between patients and controls was 26.0% for vastus lateralis, 22.9% for vastus medialis, and 11.6% for tibialis anterior. These differences contrasted with the paucity of signs suggestive of myopathy that were obtained by needle electromyography in the patients. Conclusions: Slowing of muscle fiber conduction and decreased levels of circulating muscle proteins are sensitive markers of impaired muscle function, which are suitable for use in combination with clinical assessment and standard electrodiagnostic tests for accurate identification and follow-up of myopathic patients. 164 985-993 
Introduction
Steroid myopathy is a well-known sign of Cushing's syndrome (1) (2) (3) . It has a typical pattern of muscle weakness affecting the lower limbs more than the upper limbs and the proximal part of a limb more than the distal part (4) . Although the cause of steroid myopathy is not precisely known, it appears that the major effect of the chronic glucocorticoid excess is to blunt muscle protein synthesis and activate muscle proteolysis (4) . In subjects under glucocorticoid therapy, the downregulation of muscle protein synthesis can be unraveled by decreased levels of circulating muscle proteins (5) . However, it may be hypothesized that the circulating levels of muscle proteins could potentially also be reduced in endogenous hypercortisolism. Apart from the preliminary observation of Khaleeli et al. (1) who found a plasma creatine kinase (CK) activity at the lower end of the normal range in two out of three patients with Cushing's disease, no previous study investigated whether the levels of circulating proteins such as CK and myoglobin are reduced in patients with Cushing's disease compared with healthy controls. Furthermore, two in vivo studies also showed a slowing of the muscle fiber conduction following short-term glucocorticoid administration (5, 6) : it has been suggested that the decrease in muscle fiber conduction velocity (MFCV) was related to the suppressive effect of glucocorticoids on sarcolemmal excitability (5, 6) . Besides sarcolemmal excitability, the other factor influencing MFCV is muscle fiber diameter. It may be hypothesized that both these factors are affected in the classic (chronic) form of steroid myopathy that occurs in endogenous hypercortisolism. However, the value of performing MFCV measurements in patients suspected of steroid myopathy has not been investigated.
In this study, blood samples were collected and electromyographic (EMG) signals were detected from three muscles of the lower limb in patients with Cushing's disease. This disorder and these muscles were specifically selected because the majority of the patients manifest relevant atrophy and weakness of limb muscles, whereas respiratory muscles are usually spared (7) . The aim was to investigate whether and to what extent chronic endogenous hypercortisolism could decrease the circulating levels of muscle proteins and modify MFCV and myoelectric manifestations of fatigue.
Materials and methods

Subjects
A total of ten patients with Cushing's disease (seven women and three men) were studied. All patients had signs and symptoms of overt hypercortisolism and were evaluated in an active phase of the disease (urinary free cortisol O150 mg/24 h in all patients).
The diagnosis of Cushing's disease was made according to the international criteria (8) , including high daily urinary free cortisol, absent cortisol suppression after low-dose dexamethasone test (O1.8 mg/dl), and lack of the cortisol circadian rhythm (midnight cortisol O7.5 mg/dl); moreover, the diagnosis was based on the presence of normal or high levels of plasma ACTH and adequate cortisol suppression after a highdose dexamethasone test (O80%). Furthermore, magnetic resonance was performed and showed a pituitary microadenoma in all patients. The presumed duration of disease (10.0G11.8 years) was assessed by comparison of photographs and by patient interviews to date the onset of signs or symptoms that heralded a hypercortisolemic state. Impaired gonadal function was assumed in men in the presence of specific symptoms and testosterone levels !3 ng/ml, and in women in the presence of oligomenorrhea, or amenorrhea, or menopause (menopausal status was defined as 'postmenopausal' if at least 1 year was elapsed since the last menstrual flow) and estradiol levels !35 pg/ml. At the time of diagnosis, two female patients were receiving statin treatment (simvastatin 20 mg/die) due to longlasting alterations of serum cholesterol levels. Of these two patients, one was diabetic and required glucoselowering therapy (metformin 500 mg b.i.d.). In addition, one male and one female patient had impaired fasting glucose and were receiving specific dietotherapy.
Although no direct measurements of lean body mass and force of anterior thigh/leg muscles were obtained in this study, all patients were categorized as frail based on the presence of three or more Fried's frailty criteria (9) .
Furthermore, all patients presented clinical features related to lower extremity muscle weakness (such as inability to run or arise from low chairs) and rated an average fatigue severity scale (10) score (for the last 2 weeks prior to assessment) significantly greater than that of the healthy controls (see Results).
A total of 30 healthy subjects (20 women and ten men) served as controls. Health status was assessed by medical history, physical examination, blood count and chemistry, urinalysis, and electrocardiogram.
All the subjects received a detailed explanation of the study and gave written informed consent. The study conformed with the guidelines in the Declaration of Helsinki and was approved by the local ethics committee.
Laboratory assays
Fasting 0800 h blood samples were obtained. Serum CK activity was measured using the standardized 'reverse reaction' (creatine phosphate and ATP) and activation by N-acetylcysteine. The analytical sensitivity of the method was 3 U/l, and inter-and intra-assay coefficients of variation were below 2.4%. Reference intervals for healthy people are 39-308 U/l for men and 26-192 U/l for women. Plasma myoglobin concentrations were determined by a sandwich electrochemiluminescent immunoassay, using two monoclonal myoglobin-specific antibodies. The lower limit of detection was 21 ng/ml, and within-run and betweenrun precision assessments were !3.4 and 7.1% respectively. The expected values obtained on healthy subjects are 28-72 ng/ml for men and 25-58 ng/ml for women.
Serum and urinary cortisol were measured by RIA (Sorin Biomedica, Saluggia, Italy), plasma ACTH was measured by IRMA (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA), serum estradiol was measured by RIA (Ultra-sensitive RIA DSL-4800, Pantec, Torino, Italy), and serum testosterone was measured by an automated chemiluminescence-based immunoassay with an ARCHITECT analyzer (Abbott). All hormone assays of an individual patient were performed in duplicate in the same assay session. Sera were immediately separated and stored at K20 8C until assayed. Intra-and inter-assay coefficients of variation for all the above-mentioned hormonal assays were below 8 and 12% respectively.
Electrophysiological tests, stimulation technique, and EMG recordings
Non-invasive electrophysiological tests were performed, in both patients and controls, for the following muscles of the dominant side: vastus lateralis, vastus medialis, and tibialis anterior. These muscles were selected because they present differences in fiber-type composition: the percentages of type 2 fibers are 50% for the vasti and 30% for the tibialis anterior (11) . For each muscle, the following protocol was adopted: i) the subject's limb was placed in an isometric brace and the joint was fixed at 1208 (1808 being full extension of the knee/ankle); ii) the muscle motor point was identified, using a stimulation pen electrode, as the location generating the maximal mechanical response with the minimum injected current (5, 12, 13) , and an adhesive stimulation electrode was placed over it; iii) an adhesive array of surface electrodes for detection of electrically elicited EMG signals (massed action potentials, M-waves) (5, 12, 13) was located between the motor point and the distal tendon; and iv) one 60 s long stimulation burst was delivered at the current intensity generating the maximal M-wave (see below) and at the stimulation frequency of 20 Hz.
Electrical stimulation was provided by a programmable stimulator (LISiN, Torino, Italy). An adhesive stimulation electrode (30!30 mm; Spes Medica, Battipaglia, Italy) was placed over the motor point and a larger electrode (50!80 mm) was placed over the antagonist muscle (monopolar stimulation) (5, 12, 13) . For each stimulation burst, biphasic rectangular pulses (200 ms duration each) were delivered at the maximal current intensity identified as follows: M-waves were monitored as the muscle was stimulated at 2 Hz with current pulses of increasing intensity. The stimulation intensity was increased until the M-wave peak amplitude reached a plateau. The current corresponding to the maximal M-wave was identified as the current intensity of the M-wave amplitude plateau, followed by an absence of changes for a further increase of up to 10 mA (5, 12, 13).
The surface EMG signals were detected by a linear array of eight electrodes (5 mm inter-electrode distance; LISiN -Spes Medica, Italy) in single differential configuration. The optimal position and orientation of the array was searched and selected as that providing i) M-waves showing propagation from the motor point to the distal tendon and ii) the most similar M-wave shape in different channels. Before placement of the array, the skin was lightly abraded with abrasive paste. To ensure proper electrode-skin contact, 20 ml conductive gel was inserted into the electrode cavities of the array with a gel dispenser. The bipolar surface EMG signals were amplified (16-channel surface EMG amplifier, LISiN), bandpass filtered (10-500 Hz), sampled at 2048 samples/s per channel, converted to digital data (12 bit A/D converter), and stored.
Needle EMG was performed, in the patient group only, for quantitative motor unit action potential (MUAP) analysis of the same three muscles studied by the surface EMG. As high levels of muscle contractions imply overlap of MUAPs of concurrently active motor units (i.e. loss of information that occurs when overlapping positive and negative phases of MUAPs cancel one another and reduce the amplitude of the signal), patients were asked to perform isometric lowforce contractions (intensity !5% of the maximal force) following insertion of the recording electrode into the muscle. After the collection of several MUAPs of 4-6 motor units from the first insertion site, the needle was relocated to a different site for an additional 4-6 MUAPs. This process was repeated until MUAPs of 20 different motor units were recorded.
Intramuscular EMG signals were detected using a disposable concentric needle electrode (model 0028.013; Bionen, Firenze, Italy). Skin was cleaned with alcohol prior to insertion of the needle electrode. The bipolar intramuscular EMG signals were amplified (XCalibur; Excel-Tech, Toronto, ON, Canada), bandpass filtered (5 Hz-10 kHz), sampled at 20 kHz, converted to digital data (12 bit A/D converter), and stored.
Signal analysis
Surface EMG variables of interest were MFCV and mean frequency of the power spectrum ( MFCV, that is the velocity with which action potentials move along muscle fibers, is related to sarcolemmal excitability (14) . In fact, the action potential propagation depends on the generation of the membrane potential and therefore on the concentration of essential ions on both sides of the membrane and the function of numerous ion channels, most importantly the sodium channels (15) . Moreover, MFCV is related to the diameter of muscle fibers (as diameter determines the cytoplasmic resistance of a fiber) (16, 17) . Physiological values of MFCV estimated from surface EMG signals detected during electrically elicited muscle contractions (i.e. the average conduction velocity of all the muscle fibers that are excited by the externally imposed electrical field) ranged from 4.0 to 6.0 m/s for the vastus lateralis and medialis muscles (5, 13, 18, 19) and from 3.5 to 5.5 m/s for the tibialis anterior muscle (5, 20, 21) .
Mean frequency provides some basic information about the spectrum of the surface EMG signal: during fatiguing contractions, a compression of the signal spectrum toward low frequencies ( Fig. 1 in Minetto et al. (5)) was found to be associated with metabolic changes in the muscular microenvironment and adaptations of membrane properties of muscle fibers (22, 23) .
The 20 M-waves corresponding to each epoch of 1 s were averaged, thereby obtaining, for each bipolar channel, 60 averaged M-waves during the 60 s long contraction (18) . Thereafter, a sequence of 60 surface EMG variable estimates was calculated from three to seven bipolar channels (averageGS.D. number of selected channels: 4.3G1.1) with multichannel methods (5, 13): channel selection was based on the criterion of a minimal change in the shape of M-waves between consecutive channels. From the selected channels, the average of the first two MFCV estimates (first 2 s) was considered for the determination of MFCV at the beginning of the contraction, whereas the whole group of 60 estimates of mean frequency (that were obtained, in each 1 s long epoch, as the average of all the channels selected for MFCV estimation) was considered to study myoelectric manifestations of fatigue. A regression line fitted the change in mean frequency estimates during the 60 s long contraction. The intercept of the regression line at timeZ0 was considered the initial value, and the slope of the line was used as an estimate of the rate of change over time. Normalized rate of change was defined as the slope divided by the initial value and expressed as a percent per unit time (5, 13) . This normalization allowed the comparison of the relative changes between different subjects and groups.
Using the multi-MUAP technique described previously (24, 25) , the MUAP waveforms of 20 motor units were obtained for each muscle from the needle EMG recordings. As a myopathic process results in brief polyphasic MUAPs (as the result of loss of muscle fibers and alteration in conductivity through the damaged motor units), the MUAP duration is usually used as an indicator of myopathy. Thus, the MUAP duration was estimated for each of the 20 MUAPs detected from the three muscles and the outlier method proposed by Stålberg et al. (26) was adopted for quantitative MUAP analysis. Briefly, the outlier method categorizes a muscle (as neuropathic or myopathic) by counting the number of outliers of the considered MUAP parameter(s) (i.e. MUAP duration in this study) from the set of the first 20 MUAPs that are detected from the muscle under study. A MUAP parameter value is considered to be an outlier if it is above or below the high and low outlier thresholds for that parameter respectively. A muscle for which there are three or more outlying values of the MUAP duration below the low (above the high) outlier threshold is categorized as myopathic (neuropathic). In the present analysis, the low and high outlier thresholds for the MUAP duration have been obtained from the tables of normative data (24, 27) .
Statistical analysis
Normal distribution of the data was tested by the Shapiro-Wilk test: because data were not normally distributed, non-parametric tests were used. The MannWhitney U test was used to compare clinical characteristics, values of circulating muscle proteins, and myoelectric signal variables between patients and controls. Kruskal-Wallis ANOVA followed by Dunn's multiple comparison test was used for comparing MFCV estimates among the three muscles in each of the two subject groups. The Spearman analysis was used to test for correlations between estimated duration of disease and levels of circulating muscle proteins or estimates of myoelectric signal variables.
The level of statistical significance was set at PZ0.05. The values are expressed as meanGS.D.
Results
Clinical characteristics and laboratory assays
The two groups of subjects were comparable for age, anthropometric measurements, and gonadal status (Table 1) : no male subject was hypogonadic in the two groups, whereas two female patients and four female controls were postmenopausal. Testosterone levels in the three male patients and estradiol levels in the five non-menopausal female patients were lower (although non-significantly) than those of the healthy controls. The severity of fatigue reported by patients was significantly greater than that reported by the controls.
Serum CK was significantly (P!0.001) lower in patients (60.4G29.5 U/l) with respect to control subjects (118.3G47.2 U/l): the mean relative difference between patients and controls was 48.9%. In one out of seven female patients, CK levels were below the lower limit of normal (26 U/l) ( Fig. 2A) .
Plasma myoglobin was significantly (P!0.05) lower in patients (30.9G8.5 ng/ml) with respect to control subjects (39.3G11.1 ng/ml): the mean relative difference between patients and controls was 21.4%. In two of the seven female patients, myoglobin levels were below the lower limit of normal (25 ng/ml) and corresponded to the minimum detectable concentration of 21 ng/ml. In one of the three male patients, the myoglobin levels were below the lower limit of normal (28 ng/ml) (Fig. 2B) .
A weak (not significant) negative correlation was observed between the estimated duration of disease and the CK levels (rZK0.6, PZ0.07): that is, the longer the estimated duration of disease, the lower the CK levels tended to be.
MFCV and myoelectric manifestations of fatigue
MFCV was significantly decreased in all muscles of the patients with respect to control subjects ( Table 2 ). The mean relative differences between patients and controls was 26.0% for vastus lateralis (nine of the ten patients had values of MFCV !4 m/s, whereas all control subjects had values O4 m/s), 22.9% for vastus medialis (nine of the ten patients had values of MFCV !4 m/s, whereas 29 of the 30 control subjects had values O4 m/s), and 11.6% for tibialis anterior (eight of the ten patients had values of MFCV !4 m/s, whereas 26 of the 30 control subjects had values R4 m/s).
The MFCV estimates of the vastus lateralis and medialis were significantly greater (P!0.001 and P!0.05 respectively) than those of the tibialis anterior in the control subjects, whereas no significant differences among the MFCV estimates of the three muscles were observed in the patient group.
Weak negative (although not significant: rZK0.4 G0.2, PZ0.2) correlations were observed in the patient group between estimated duration of disease and MFCV estimates of the three muscles: that is, the longer was the estimated duration of disease, the lower the muscle fiber conduction tended to be. Figure 2 shows examples of M-wave time evolution (over 60 s of stimulation) for the vastus medialis muscle of one control subject (panel A) and one patient (panel B). Widening of the signal and decrease in amplitude during the contraction is evident in the control subject, whereas minor scaling in time and amplitude is evident in the patient. Accordingly, the normalized rate of change of mean frequency was greater (in absolute value) in the control subject (K1.3%/s) with respect to the patient (K0.8%/s). Similar to the comparison between these two subjects, significant differences between patients and controls were observed for all the three muscles (Fig. 2, panel E) : the mean relative difference between patients and controls was 37.0% for vastus lateralis, 22.0% for vastus medialis, and 38.6% for tibialis anterior. A significant positive correlation was observed in the patient group between estimated duration of disease and normalized rate of change of the mean frequency for the tibialis anterior muscle (rZ0.7, PZ0.05): that is, the longer was the estimated duration of disease, the higher was the functional impairment of the tibialis anterior muscle.
Control subjects Patients
Needle EMG findings
No evidence of brief MUAPs or other findings suggestive for myopathy, such as increased MUAP complexity (i.e. increased phases, turns, or linked components) or reduced area-to-amplitude ratio (i.e. the 'thinning' of the main spikes of the MUAP) (28), was obtained from visual inspection of the needle EMG recordings.
Quantitative MUAP analysis categorized three vastus lateralis muscles and three vastus medialis muscles (of different patients) as myopathic.
Average (GS.D.) and range durations of myopathic MUAPs (nZ12) in the vastus lateralis muscle of the three patients were 7.9 (G1.4) ms and 6.0-10.5 ms: the average value of the percent difference between duration of myopathic MUAPs and normative values of MUAP duration (24, 27) was 33.8G11.5%. The estimated duration of disease in these three patients was 22G7 years. All the three patients presented decreased levels of circulating muscle proteins (gray circles in Fig. 1 : CK levels in the range 12-39 U/l; myoglobin levels in the range 25-31 ng/ml), and muscle fiber conduction slowing (MFCV in the range 3.0-3.2 m/s).
Average (GS.D.) and range durations of myopathic MUAPs (nZ13) in the vastus medialis muscle of the three patients were 7.0 (G0.9) ms and 6.0-8.5 ms: the average value of the percent difference between duration of myopathic MUAPs and normative values of MUAP duration (24, 27) was 23.3G10.5%. The estimated duration of disease in these three patients was 15G4 years. All the three patients presented decreased levels of circulating muscle proteins (black circles in Fig. 1 : CK levels in the range 67-84 U/l, myoglobin levels in the range 21-36 ng/ml), and muscle fiber conduction slowing (MFCV in the range 3.4-3.9 m/s).
Discussion
The original findings of this study were the demonstrations of significant differences in circulating levels of muscle proteins, MFCV, and myoelectric manifestations of fatigue between patients with Cushing's disease and sex-, age-, and body mass index-matched controls. These differences contrasted with the paucity of signs suggestive for myopathy that were obtained through the standard electrodiagnostic investigation performed in the patients.
The paucity of electrophysiological signs is understandable given the limitation of the needle EMG examination that preferentially studies the type 1 muscle fibers (4, 29) and the histopathological finding of preferential type 2 muscle fiber impairment that occurs in steroid myopathy (1, 4) . During a voluntary contraction, the first recruited motor units are composed of type 1 fibers (30) . Because these fibers are not affected (as severely) as type 2 fibers in patients with steroid myopathy, there is little electrophysiological dysfunction to observe. If the patient is asked to increase the contraction force to also recruit motor units composed of type 2 fibers, abnormalities could occur but may not be observed as when type 2 fibers are recruited, too many motor units composed of type 1 fibers are concurrently firing, creating MUAP overlap and the consequent signal cancellation. This precludes quantitative assessment of any type 2 MUAP parameters in detail, thus limiting the sensitivity of the needle examination in diagnosing a preferential type 2 fiber myopathy (4). An additional factor that limits the needle EMG sensitivity in diagnosing a preferential type 2 fiber myopathy affecting the anterior thigh muscles is represented by the motor unit distribution in the vasti: within these muscles, a non-random arrangement of fiber types exists with the deeper portions of the muscles (those preferentially investigated by needle EMG) having more type 1 fibers than the more superficial portions (31, 32) . Only when the myopathic disorder is severe enough to compromise type 1 fibers, abnormalities may be observed by needle EMG. Consistently, the quantitative MUAP analysis we adopted categorized as myopathic the vastus lateralis and medialis muscles of six different patients with an estimated long duration of disease and presenting severe muscle weakness, with an inability to climb stairs and arise from low chairs. Overall, the low sensitivity of the quantitative MUAP analysis we adopted is consistent with most characterizations of steroid myopathy that are based on qualitative visual and auditory analysis of EMG signals (1, 4) or different quantitative approaches (4). For example, it has been proposed to increase the number of parameters required to categorize a muscle as abnormal (including some or all of the following MUAP parameters: duration, amplitude, number of phases, number of turns, spike duration, and area-to-amplitude ratio) or to combine the outlier method proposed by Stålberg et al. (26) with the mean method proposed by Stewart et al. (33) . However, these quantitative EMG approaches increase specificity at the expense of reduced sensitivity. Alternatively, interference pattern analysis methods (34, 35) or the recently proposed Bayesian muscle characterization (36) can be adopted for the analysis of needle EMG recordings. However, as the needle EMG is typically performed at low-force contraction levels, the estimates of MUAP features that can be obtained by the former and the latter methods are biased by slow motor units. Regardless of the quantitative method that can be adopted for needle EMG analysis, our results indicate that the combination of needle EMG findings with clinical assessment, assays of circulating muscle proteins, and non-invasive estimation of MFCV and myoelectric fatigue profile seems to be a promising approach for an accurate detection of alteration of muscle fiber properties underlying steroid myopathy. Consistently, Blijham et al. (37) have found in patients with inflammatory myopathy (polymyositis, dermatomyositis, and inclusion body myositis) that the diagnostic accuracy of the needle EMG examination can be increased if it is combined with MFCV measurement.
The differences in CK and myoglobin levels we observed between patients and controls are related to the well-known anti-anabolic actions of glucocorticoids. This result is in line with the above-mentioned observation of Khaleeli et al. (1) as well as with the differences in circulating muscle proteins that were observed by Weber et al. (38) while comparing cachectic cancer patients and healthy controls. Interestingly, we found a greater difference between patients and controls in CK than in myoglobin levels: this could reflect the preferential impairment of type 2 fibers, which present high levels of CK expression, whereas myoglobin is preferentially expressed in oxidative type 1 fibers that are less affected by the myopathic process.
Also the differences in MFCV and myoelectric fatigue we observed between the two groups can be accounted for the glucocorticoid-induced preferential impairment (5, 6) and/or atrophy (1, 4) of (muscles mainly composed of) fast fibers. In fact, reductions in MFCVand myoelectric fatigue usually occur in elderly subjects (39) due to agerelated sarcopenia, which mainly consists in preferential loss and/or atrophy of type 2 fibers (40). We also recently found in healthy subjects that short-term glucocorticoid administration decreased MFCV and myoelectric manifestations of fatigue (5) . Briefly, the higher is the functional impairment and/or the lower are the number and diameter (i.e. the higher is the degree of atrophy) of fast, fatigable (type 2) muscle fibers, the lower are the MFCVand myoelectric manifestations of fatigue. Consistently, in the patient group, we found no significant differences in MFCV estimates between vasti and tibialis anterior, whereas in the control subjects, the vastus lateralis and medialis muscles (that present a percentage of fast fibers around 50%) had a greater MFCV than the tibialis anterior (that presents a percentage of fast fibers around 30%). Although no relationship has been observed in animal and human models of steroid myopathy between duration of glucocorticoid administration and occurrence of myopathy (3) , in this study, we found weak correlations between the estimated duration of disease and the decrease in CK levels and MFCV estimates. Accordingly, it may be hypothesized that after the onset of the myopathic process, muscle atrophy represents the cumulative, long-term consequence of the impaired balance of anabolic and catabolic mechanisms. It is presently not established how much of the impaired balance is due to the direct anti-anabolic and procatabolic actions of glucocorticoids on muscle cells versus the glucocorticoid-dependent impairment of the pituitary-gonadal axis and down-regulation of the muscular expression of the androgen receptor (41) . Although in this study gonadal status was comparable between the two groups, patients tended to have lower values of gonadal hormones. Thus, it may be hypothesized that the differences in circulating levels of muscle proteins, MFCV, and myoelectric fatigue we observed between the two groups are partly accounted for by the differences in gonadal function. It also remains to be established whether the impaired balance of anabolic and catabolic processes and the consequent muscle atrophy can be reversed after correction of the hormonal disorder or drug withdrawal.
In conclusion, muscle fiber conduction slowing and decreased levels of circulating muscle proteins seem to be sensitive markers of steroid myopathy, which are suitable to be used in combination with clinical assessment and standard electrodiagnostic tests for accurate identification of myopathic patients and for monitoring the restoration of a normal muscle function after treatment.
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